Supplementary Figures
Supplementary Figure 1 . MITOS output. Protein coding gene (red), tRNA (blue) and rRNA (yellow) presence and approximate location along the reconstructed MAC002 mitochondrion.
Supplementary Figure 2. Read length Mapdamage output.
Read length distribution of MAC002 reads mapped to our Macrauchenia mitochondrial sequence.
Supplementary Figure 3: Damage pattern Mapdamage results.
There is an increased number of T bases (indicated in red) at the ends of reads when reads were mapped back to our MAC002 Macrauchenia mitochondrial sequence. X axis represents position from 5' (left) and 3' (right) read end. 
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Supplementary Note 1: Systematic Context of Macrauchenia patachonica
Overview of litoptern systematics. Litopterns were cursorial herbivores with mesaxonic limbs and several unusual cranial and dental features. In distinction to most other SANUs, litopterns primitively retained rooted teeth and developed varied cheektooth morphologies, including bunodonty (e.g., Megadolodinae), bunolophodonty (e.g., Proterotheriinae) and lophoselenodonty (e.g., Macraucheniidae) 1,2,3 . As the result of continuing discovery over many decades, we now know that litopterns were present in South America for most of the Cenozoic. One group (Sparnotheriodontidae) even reached West Antarctica when this was connected to southernmost South America prior to the appearance of the Drake Passage 4,5.6 .
Unquestionable litopterns are traditionally classified in three families, Adianthidae, Proterotheriidae, and Macraucheniidae. The latter two were taxically dominant, with macraucheniids persisting from the Late Eocene (Mustersan South American Land Mammal Age or SALMA) through to the end of the Pleistocene (Lujanian, local Stage/Age) 7, 8 . Other, mostly
Paleogene groups have a less certain connection with these core litoptern families. Anisolambdidae, Notonychopidae, Indalecidae, Protolipternidae, Amilnedwardsiidae, Sparnotheriodontidae and even archaic ungulates such as Didolodontidae have traditionally been included within the order (e.g., refs. 1,9-11 ), but their positions have been repeatedly questioned (e.g., refs. [12] [13] [14] [15] ). Among these putative litopterns the oldest known is Requisia vidmari, from the Early Paleocene locality of Punta Peligro in central Patagonia 10, 16 , currently dated to 63.2 -63.8 Ma 17 . Isolated astragali from the Early Eocene locality of Itaboraí (eastern Brazil) resemble those of definite proterotheriids, leading some authors to speculate that this clade was already in existence by this time (e.g., refs. 14,18-20 ).
However, proterotheriid dentitions are first recorded in the Late Oligocene, during the Deseadan SALMA 3 .
Late Eocene (Mustersan SALMA) Polymorphis, the oldest known definite macraucheniid 14 , serves to date the origin of the family paleontologically. Differing from the horse-like proterotheriids, macraucheniids had a robust body structure more like that of modern camels, featuring three-toed autopodia, a long neck, and reduced nasals. In Late Miocene-Pleistocene macraucheniines, some of these features evolved in bizarre directions, as in the case of the retraction of the nasal aperture 21 . From a position at the end of the rostrum, as in typical mammals, this opening progressively moved dorsally. Pleistocene Macrauchenia, in which the nasal aperture is perched between the orbits, near the summit of the skull, represents a morphological extreme. It has long been speculated whether so drastic a modification implies that the snout was elaborated into a proboscis 8, [22] [23] [24] [25] .
Macraucheniidae includes either two or three subfamilies, depending on whether Theosodontinae is separately recognized. Macraucheniinae and Cramaucheniinae contain most of the approximately 18 genus-level taxa currently recognized for the family (ignoring possible synonyms). Progressive increases in body size, cheektooth crown height, and snout length strongly marked the evolution of Macraucheniinae 50, 51 , which conclude that both litopterns (represented by Macrauchenia) and notoungulates (represented by Toxodon) are more closely related to Perissodactyla than to any other extant placental group (see also ref. 52 ). In the absence of consensus in phenomic analyses, and lack of molecular information for other SANU orders, it remains unsettled whether all South American native ungulates are related monophyletically.
